Retrospective analysis of 10 cases of resection of symptomatic lumbar juxtafacet cysts in nine patients (mean age 65.4 years) investigated the relationship between surgical method and progression of spinal spondylolisthesis or cyst recurrence. Patient characteristics, surgical methods, and postoperative course were reviewed. The most common preoperative symptom, painful radiculopathy, occurred in all cases, followed by motor weakness in five, sensory loss in four, and intermittent claudication in four. All patients underwent bilateral total (n ＝ 6) or partial laminectomy (n ＝ 4), with minimal (n ＝ 3) or no (n ＝ 7) facetectomy. Cysts were gross totally resected in eight cases and partially resected in two. Concomitant fixation was not performed. Painful radiculopathy, motor weakness, and sensory disturbance all resolved, resulting in good or excellent outcome in all patients. Postoperative symptomatic spondylolisthesis had not been noted at mean 52.1 months postoperatively. However, new juxtafacet cysts were later detected on the contralateral side to the initial lesion in two patients. Surgical removal of juxtafacet cysts is recommended for immediate symptomatic relief. Concomitant spinal fixation to prevent progression of spinal spondylolisthesis or cyst recurrence depends on cyst size, involvement of surrounding structures, degree of preoperative spondylolisthesis, and facet joint destruction.
Introduction
The term``juxtafacet cyst'' was first used in 1974 to describe ganglion and synovial cysts within the epidural cavity. 23) Neuroimaging advances are detecting juxtafacet cysts with increasing frequency. 6, 10, 11, 13, 17, 19, 22, [24] [25] [26] 29, 31, 32, 36, 39, 41, 43) Juxtafacet cysts are thought to form as a result of arthrotic disruption of the facet joint, leading to degenerative spondylolisthesis. 12) Unlike ganglion cysts, synovial cysts are connected to the facet joint and contain a synovial lining. 28) However, differentiation of these two types of cysts is difficult based only on neurological imaging. 16) Most juxtafacet cysts occur in the lumbar spine, and contribute significantly to narrowing of the spinal canal, and lateral thecal sac and nerve root compression. 16, 21) The present study retrospectively reviewed the age and sex distribution, preoperative symptoms, neuroimaging findings, and surgical outcomes of 10 resections of juxtafacet cysts in nine patients, and assessed the relationship between surgical method and progression of spinal spondylolisthesis or cyst recurrence.
Patients and Methods
The clinical records were retrospectively reviewed of nine patients with 10 lumbar juxtafacet cysts who underwent 10 resections in our institution between 1998 and 2006. No patient had sustained traumatic injury inducing spinal instability. Cases 4 and 10 occurred in the same patient who underwent further resection when a new juxtafacet cyst arose in another region. Patient characteristics including age, sex, preoperative symptoms, neuroimaging findings, surgical techniques, and outcomes were investigated. Lateral roentgenography in standing dynamic motion was used to estimate the slip angle, that is, the percentage slip of spondylolisthesis according to the previously proposed scale. 45) The degree of facet joint osteoarthritis at the cyst level Juxtafacet Cysts of the Lumbar Spine was estimated by computed tomography and graded according to the following scale 11) : 0, normal; 1, slight narrowing of the joint space ± small osteophytes/hypertrophy; 2, slight to moderate narrowing of the joint space ± osteophytes/hypertrophy ± subarticular erosions; and 3, severe narrowing of the joint space ± large osteophytes ± subarticular cysts or severe erosions ± listhesis. Outcome after surgery was graded according to the following scale 37) : excellent, no further discomfort and return to full recovery; good, normal neurological examination with minimal back or leg pain; and poor, frequent back or leg pain with limitation of daily activity and/or neurological deficit.
Results Table 1 The most common preoperative symptoms were pain and radiculopathy of the lower extremities, affecting all patients, followed by motor weakness of the lower extremities (n ＝ 5), sensory disturbance (n ＝ 4), and back pain (n ＝ 4). Neurogenic claudication was present in four patients; walking distance was limited to 200 m in two of these patients, to 100 m in one, and the other was unable to walk unaided. Cauda equina syndrome and myelopathy were not observed.
Cysts were most commonly located at L4-5 facet joint, the most mobile segment, in seven patients, followed by L2-3 in two and L5-S1 in one (Table 1) . Degenerative spondylolisthesis was radiologically confirmed as the precursor to arthrotic disruption of 30) ). The mean percentage slip in the patients with degenerative spondylolisthesis was 12.5 ± 7.3% (range 0-18.6%) in extension and 15.7 ± 5.9% (6.0-21.7%) in flexion. The average slip angle was -11.4 ± 5.69(from -39 to -239 ) in extension and -4.5 ± 5.59(from ＋59to -179 ) in flexion, so the difference between extension and flexion was 6.9 ± 2.79(range 3-139 ). Facet joint osteoarthritis at the cyst level was grade 0 in two cases, grade 1 in one, grade 2 in six, and grade 3 in one. T 1 -weighted magnetic resonance (MR) imaging showed seven of the 10 cysts as isointense and three as hypointense. Administration of gadoliniumdiethylenetriaminepenta-acetic acid caused enhancement in four of the four cysts (Fig. 1) . T 2 -weighted MR imaging showed six lesions as hyperintense, three as hypointense, and one as isointense. Mean maximum cyst diameter was 9.9 mm (range 4 to 20 mm). Five cysts were located on the right and five on the left of the spine. All patients underwent bilateral total (n ＝ 6) or partial laminectomy (n ＝ 4), with (n ＝ 3) or without (n ＝ 7) facetectomy, combined with gross total (n ＝ 8) or partial (n ＝ 2) cyst resection without concomitant fusion (Table 1) . In all three cases of medial facetectomy, part of the facet joint was removed as the cyst extended into the joint. A mass of compressed tissue attached to the facet joint was found in all cases. Histological diagnosis confirmed the diagnosis of juxtafacet cyst in all cases. As the state of the pathology specimen depended on the extraction method (piecemeal resection vs. en-bloc resection), the specimens could not be compared in the same way. Proliferation of synovial lining with stratified columnar epithelium was found in only two cases ( Fig. 2A, B) , with calcification in eight, evidence of cartilage degeneration of the cyst wall in six (Fig. 2C) , and bony component in four (Fig. 2D) . Varying degrees of fibroblast and inflammatory cell infiltration were observed within the thick fibrous tissue in all cases (Fig. 2E) . No surgical complications such as cerebrospinal fluid leakage, hematoma, or infection were observed.
Good relief of preoperative painful radiculopathy was obtained in all patients soon after surgery. Preoperative motor weakness and/or sensory disturbance also improved in all patients within 2 weeks postoperatively. Neurogenic claudication normalized completely within 2 weeks in three of the four patients, and the patient who could not walk unaided was able to walk 20 m after 1 month of postoperative rehabilitation. Lumbago improved within 1 month in three of the four patients.
All patients were followed up as outpatients with neurology and radiology examinations such as radiography and MR imaging to confirm the postoperative progression of spinal spondylolisthesis or cyst recurrence. The follow-up period has continued for 20 to 124 months (mean 52.1 months) from the day of surgery to September 2006 (Table 1) . Outcome was excellent in seven patients and good in two. Poor outcome was observed in one patient (Case 4) who underwent initial cystectomy at the left L4-5 facet joint and had good relief of preoperative Juxtafacet Cysts of the Lumbar Spine leg pain and dysesthesia. However, pain in the contralateral leg occurred after 9 months, and MR imaging revealed a new juxtafacet cyst at the right L4-5 facet joint. Juxtafacet cyst later occurred in a new location in Cases 4 and 6. Neither of these patients had demonstrated spondylolisthesis on preoperative radiological studies. Case 4 underwent a second resection to remove the cyst 21 months after the initial surgery. Case 6 underwent cystectomy at the left L5-S1 facet joint, but the second cyst radiologically confirmed 5 months postoperatively at the right L4-5 facet joint remained asymptomatic, and was followed conservatively (Fig. 3) . None of the patients have developed symptomatic spondylolisthesis or required subsequent fusion to date.
Discussion
Repeated microtrauma at areas of spinal segmental instability associated with facet joint osteoarthritis is thought to be important in the pathogenesis of juxtafacet cyst. 4, 8, 11, 38) The resulting defect in the intervertebral joint capsule becomes surrounded by myxoid degeneration and cyst formation in the collagenous connective tissue. 15, 18, 20, 40) Fibroblasts are also thought to excrete increased amounts of hyaluronic acid in response to repeated stress. 15, 41) The common finding is degenerative change with proliferation of reactive and inflammatory cells, including synovial cells, and formation of a cystic cavity, 26) which can communicate with the joint. 21) The L4-5 segment, which has the greatest range of motion in the lumbar spine, is the most common location with 51-68% of juxtafacet cysts occurring at this location. 6, 22, 28) In the present series, seven of the 10 cysts occurred at the L4-5 facet joint. The mean age of the patients in our series was 65.4 years, very similar to another series of 440 patients with mean age of approximately 65 years. 12) A history of traumatic injury has been documented in around 12% of cases of synovial cyst, 28) but in none of the present patients. Most synovial cysts originate from the intervertebral facet joint, and extend to the posterior-lateral side of the lumbar canal, but also originate from the yellow ligament, 1, 3, 4, 31, 42, 44) anterior longitudinal ligament, 2) posterior longitudinal ligament, 5, 27) and ligamentum interspinale. 33) Juxtafacet cysts are known to complicate spondylolisthesis as a result of the associated partial destruction of intervertebral joints. 28) Coexisting spondylolisthesis was present in four of our 10 cases, and comparable to the frequency of 32% Juxtafacet Cysts of the Lumbar Spine previously reported. 6, 43) Surgery should be performed if conservative treatment is ineffective for juxtafacet cyst. 4, 7, 29, 35) Cysts tend to occur at the segment with greatest motion, so the resultant increased stress is probably a predisposing factor in the development of juxtafacet cysts. 28) Accordingly, less invasive surgery, such as small laminectomy with minimal removal of the facet joint, may be required to prevent postoperative joint instability. 9) Our patients all underwent bilateral laminectomy without facetectomy. Of course, unilateral partial hemilaminectomy using microsurgical techniques may be adequate for some juxtafacet cysts. The advantage of the unilateral approach is that only a minimal amount of paravertebral muscles must be detached, and only on one side and not both as in bilateral laminectomy. However, we performed bilateral laminectomy even for unilateral cysts, because most cysts had expanded over and under the intervertebral joint. Moreover, these cysts were fibrous, tough, and densely attached to the dura mater. 37) Therefore, cysts were extracted from both sides unless dural violation or root injury was found, to secure a wide operative field. Immediate good relief of radiculopathy and neurogenic claudication was obtained in all patients.
Concomitant spinal fixation does not clearly have any impact on cyst recurrence or progression of spondylolisthesis (Table 2) . 16, 24, 28, 34, 37, 39) A comparatively high rate of concomitant spinal fixation (26 of 39 cases) resulted in only one instance of cyst recurrence. 24) On the other hand, cyst extraction without fixation in 12 patients, eight also with spondylolisthesis, resulted in no cyst recurrence. 34) Cysts were removed without fixation in 23 cases, with progression of spondylolisthesis in 4.3%. 16) However, concomitant spinal fixation in seven of 60 patients (11.7%) 37) and 18 of 194 patients (9.3%) 28) resulted in spondylolisthesis in 3.3% and 2.1%, respectively.
The progression to spondylolisthesis was not observed before a mean of 52.1 months in the present series. However, new synovial cysts developed in two patients, contralateral to the original cyst at the same and different levels, after 5 and 9 months. Asynchronous cysts were found on the contralateral side in three of 26 cases of resected juxtafacet cysts at 6, 11, and 14 months postoperatively. 37 ) Asynchronous cyst appeared 6 months after cyst resection, at the same level but on the opposite side. 14) Therefore, new cysts tend to appear on the contralateral side about 6 months to 1 year after cyst resection, possibly because surgery altered the forces acting on the intervertebral joint, causing increased stress on the contralateral side, inducing collapse of the contralateral facet joint and formation of a new juxtafacet cyst. Surgeons should exercise individual judgment about the necessity for concomitant spinal fixation, based on factors such as cyst size, involvement of surrounding structures, degree of preoperative spondylolisthesis, and facet joint destruction. 28) Postoperative follow up is important for patients undergoing cyst decompression without fixation to limit the risk of new olisthy or spondylolisthesis.
Surgical removal of juxtafacet cysts is a safe and effective treatment providing symptomatic relief. The wide operative field acquired by bilateral laminectomy helps to ensure safe and easy resection of cysts from multiple directions. The indications for concomitant spinal fixation are based on cyst size, involvement of surrounding structures, degree of preoperative spondylolisthesis, and facet joint destruction to prevent progression of spinal spondylolisthesis or cyst recurrence.
